The reaction of hemoglobin with tetramethylbenzidine was studied with a centrifugal analyzer. We found that the hemochromogen reaction was significantly influenced by albumin. Increasing amounts of albumin apparently stimulate the hemochromogen reaction during the earlier part of an incubation and inhibit it later in the incubation. However, during an intermediate period, when the crossover from stimulation to inhibition occurs, the assay is independent of albumin and bilirubin concentrations.
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The reaction of hemoglobin with tetramethylbenzidine was studied with a centrifugal analyzer. We found that the hemochromogen reaction was significantly influenced by albumin. Increasing amounts of albumin apparently stimulate the hemochromogen reaction during the earlier part of an incubation and inhibit it later in the incubation. However, during an intermediate period, when the crossover from stimulation to inhibition occurs, the assay is independent of albumin and bilirubin concentrations.
Increasing the temperature of incubation or the hydrogen peroxide concentration, or decreasing the tetramethylbenzidineconcentration, shortens the crossover time. By adjustingthese variables the method can be used with most instrumentation.
We developed procedures for use on a centrifugal analyzer or for manual assay (reaction times, 4 and 20 mm, respectively). Accuracy, as indicated by a comparison with a direct hemoglobin method (r = 0.990) and by recovery experiments, was excellent. The CV for the automated assay was less than 3%. Plasma collected in citrate and heparin showed good recovery of hemoglobin; recovery in EDTA was poorer. hemoglobin, but these require large samples and are substantially influenced by high concentrations of bilirubin, which shows considerable overlap with the absorbance curve of hemoglobin (2) . Recently, in two reports, tetramethylbenzidine (TMB) was substituted for benzidine for measuring hemoglobin by manual methods (3, 4) . Because of the presence of certain inhibitors of the color development in sera, one method (3) requires that each patient and control be measured in triplicate to obtain each result. The other method, although less labor intensive, gives results linear with concentration up to only 300 mg/L (4); moreover, its accuracy was assessed only on samples of hemoglobin in a plasma "surrogate" rather than a true plasma matrix.
To develop a reliable, less labor-intensive method having a wide range of linearity, we tried to improve the assay by using a centrifugal analyzer and various concentrations of sample, reactants, and sample medium, and by varying temperature and time of incubation.
Contrary to previous thought (3), we found that albumin was the main serum interferant with color development, and that this effect was largely dependent upon time of incubation. These findings enabled us to develop for the centrifugal analyzer a rapid method that involves a small sample and is insensitive to high concentrations of bilirubin; we also developed a back-up manual method. Dilute acetic acid for manual assay. Add 100 mL of glacial acetic acid to 900 mL of water; diluent is stable at room temperature indefinitely. If the concentration of acetic acid in the reaction mixture decreases to <100 mLfL, the solution becomes unstable and turns blue.
Materials and Methods
Hemoglobin calibrators.
Erythrocytes were lysed by diluting with water. The resulting soluble stock hemoglobin solution (approx. 10 gIL) was analyzed by a cyanmethemoglobin technique (3). This solution was diluted with either hemoglobin-free serum or saline to make calibrators in concentrations ranging between 0.02 and 2.5 g/L. To ensure accuracy, we assayed aliquots of these standards for hemoglobin by a direct method (5). Calibrators were stable for up to three months when kept refrigerated in brown bottles.
Human albumin, 250g/L (Michigan Department of Public
Health, Lansing, MI 48909; a similar solution can be obtained from Travenol Laboratories, Glendale, CA 91202). This solution was diluted with saline or hemoglobin-free serum to make albumin solutions of desired concentrations.
Endogenous albumin in serum was determined by a bromcresol green method (SMA; Technicon Corp., Tarrytown, NY 10591).
Anticoagulants.
Different hemoglobin-free plasmas were selected without conscious bias, six collected in blue-top (sodium citrate), six in green-top Patient's samples.
Serum was collected with no anticoagulant, or plasma was collected in green-top Vacutainer
Tubes, from patients undergoing open heart surgery. The exact amount of heparin in the samples is unknown because these patients are treated with heparin during surgery. All samples that were without jaundice were assayed by a direct hemoglobin method (5) for correlation studies. Biliru bin (Sigma Chemical Co., St. Louis, MO 63178), 500 mg dissolved in 100 mL of 0.1 mol/L sodium carbonate. Aliquota were added to serum to obtain the desired final bilirubin concentrations.
Lipemic samples.
Chylomicrons The CentrifiChem 500 system can pipet two reagents and samples plus diluent into a 30-place transfer disc. Into the sample well are pipetted 100 iiL of working TMB, 5.0 iL of ao: Pipet 10 mL of diluent into each test tube in 10-s intervals, in the same sequence that the hydrogen peroxide was added. Mix each by inversion. With a digital-type spectrophotometer that can read up to 2.999 absorbance units, read without delay the absorbance at 660 nm of each sample in the same order that the diluent was added. Subtract the blank reading from each standard, sample, and control to obtain the absorbance difference. Average the absorbance differences of the duplicate calibrators and calculate the concentration of hemoglobin in each unknown.
Wavelength.
Although the absorbance peak for this reaction is near 660 nm, 620 nm is also suitable for the assay (4). We used 620 nm for the CentrifiChem because the instrument does not contain a 660-nm filter and the higher sensitivity was unnecessary; 660 nm was used for the manual method because that gives maximum sensitivity. Hemoglobin assay by a direct method was performed as previously described (5).
Results
Effect of albumin on absorbance.
The change in absorbance with time is dependent on the concentration of both hemoglobin and albumin. With a constant amount of hemoglobin, samples containing more albumin showed more absorbance at 2 mm and less absorbance after 6 mm than did samples containing less albumin (Figure 1) . A crossover in absorbance occurs at 4 mm, when the change in absorbance can be considered independent of albumin concentrations. Hence, the timing of the reaction sequence is critical. Use of a centrifugal analyzer facilitates good timing control. This effect of albumin was observed whether albumin was added to samples containing low concentrations of endogenous albumin, or albumin was dissolved in saline containing hemoglobin, or only endogenous albumin was present. Reagent blank. As Figure 3 shows, when the final concentration of TMB in the reaction mixture exceeds 2.5 g/L, there is a substantial change in absorbance, even when no sample is added. This effect does not interfere with good linearity after the blank is subtracted from each sample, but it does cause poorer reproducibility in the low hemoglobin range. Thus, for automated analysis it is preferable to use low concentrations of TMB.
Reproducibility.
Between-run coefficients of variation (CV) with the CentrifiChem were 2.4,2.7, and 2.7% for serum concentrations of hemoglobin of 0.27, 0.55, and 1.07 gIL, respectively, for 12 consecutive assays. Within-run CVs for 10 replicates of each of these samples were 2.2, 1.9, and 2.0%, respectively.
Between-run variability for the manual method was 2.8,2.2, and 1.8% for sera with hemoglobin contents of 0.30,0.55, and 1.05 gIL, respectively, for 10 assays performed by the same Time (mm) technician. When the assay was performed by several technicians in the routine laboratory rotation, between-run reproducibility dropped substantially, with a CV of 7% for a hemoglobin of 0.9 g/L, and 9% for 0.25 gIL.
Effect of bilirubin and turbidity.
When bilirubin to give final concentrations of 7, 15, 30, 60, 125, and 250 mg/L was added to sera containing hemoglobin concentrations of 0.27, 0.64, and 1.3 gIL, analytical recoveries with the CentrifiChem varied between 95 and 108%, with random fluctuation.
Turbidity caused by chylomicrons (triglycerides at 1.50, 3.25, and 7.5 gIL) resulted in hemoglobin recoveries of 100,95, and 94%, respectively, for sera containing hemoglobin concentrations of 0.5 and 1.0 gIL and assayed with the CentrifiChem. The serum with the greatest concentration of triglycerides was extremely turbid, yet its effect on the hemoglobin result would not be clinically important.
Anticoagulants. Table 1 indicates that hemoglobin added to plasma containing heparin showed the best average recovery. Plasma containing citrate showed a slightly greater recovery, but the difference from the values with heparin was not clinically significant. Recovery was less and reproducibility 98 was poorer in EDTA-treated samples.
105
Direct vs TMB methods.
The correlation between the 93 CentrifiChem and direct methods is shown in Figure 4 . The two methods show excellent correlation, low variation, and 99 insignificant bias with respect to each other. 101
The correlation between the manual TMB (y) and direct 93 indicates that albumin may be the major factor influencing the hemochromogen reaction. The hemoglobin assay we describe is independent of albumin concentrations, is highly reproducible and linear over a wide range of hemoglobin concentrations, and is not significantly influenced by bilirubin or turbidity. Although for convenience we used calibrators prepared in serum for most experiments, hemoglobin calibrators prepared in saline may be substituted.
A high degree of accuracy is indicated by both the excellent correspondence with the direct method for hemoglobin determination ( Figure 4 ) and by the recovery in plasma samples treated with either citrate or heparin ( Therefore, we recommend assaying samples and blanks in duplicate when hemoglobin concentrations between 0 and 0.1 g/L are of importance.
Although previous investigators used TMB at 5.0 g/L in the final mixture (4), our data indicate 0.31 g of TMB per liter allows good sensitivity in the CentrifiChem procedure, while maintaining a low reagent blank.
In the manual procedure, the reaction does not reach an endpoint. It is therefore necessary to dilute the reaction mixture five-to 10-fold to reduce the rate of reaction and to avoid constant upward drift in the spectrophotometer. This requires that initial concentration of TMB be about 2.5 g/L so that enough absorbance will be developed to determine accurately the hemoglobin concentrations after the diluent is added.
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